Investigations were carried out on the effects of various combinations of sucrose and kinetin concentrations on growth and chlorophyll production in a green and a nongreen clone of pith callus of Nicotiana tabacum L. It was found that 2 milligrams per liter or higher amounts of kinetin induced greening in the nongreen tissue. The observations suggested that growth of the callus and synthesis of chlorophyll and soluble protein are controlled by relative concentrations of sucrose and kinetin in the medium. Kinetin was found to be inhibitory for chlorophyll synthesis in the green callus.
duction in callus tissue of tobacco. However, the mechanism by which kinetin affects chlorophyll production is not well understood. The present paper is a report of our investigations on the effects of various combinations of sucrose and kinetin on two closely related clones of tobacco pith callus. Chlorophyll synthesis was induced by kinetin in one clone but was inhibited in the other. The experimental system developed might prove helpful in understanding the involvement of kinetin in chlorophyll synthesis.
MATERIALS AND METHODS
Materials Investigations were carried out on a green and a nongreen clone of pith callus of Nicotiana tabacum L. cv. Ky Iso 1 Ky 16. The nongreen callus clone had been isolated by Kasperbauer and Reinert (6) . It Media Used. Media containing modified (6) Murashige and Skoog's salts and vitamins with various combinations of sucrose (0, 0.5, 1, 2, 4, 6, and 8%) and kinetin (0, 2, 4, 6, and 8 mg/liter) were used. These were gelled with 0.8% agar. Ten milliliters of the medium were pipetted into each culture tube (150 X 25 mm) and sterilized by autoclaving at 120 C and 15 psi for 20 min. In each tube 100 to 150 mg of callus were planted. This corresponded to 6 to 10 mg dry weight of green tissue or 4 to 6 mg dry weight of the nongreen tissue. The cultures were maintained at 26 + 1 C and under continuous illumination of 225 to 250 ft-c. Twelve cultures of each clone were maintained on the experimental media. At the time of inoculation the stock cultures were 4 to 5 weeks old and were growing exponentially.
Collection of Data. Data on weight, soluble protein level, and amounts of chlorophyll a and chlorophyll b were collected. Amounts of protein and chlorophyll in stock cultures at the time of inoculation were determined (Table I) . Preliminary experiments had shown that a minimum of 2 mg/liter kinetin was required to induce greening in the nongreen tissue. However, the green color persisted only for 2 to 3 weeks. Therefore, the data on the cultures from nongreen clone were collected twice: once, on six randomly selected samples, 1 week after greening was induced, and then on the remaining six cultures 4 weeks after the day of induction of greening. The day on which any of the cultures started turning green was regarded as the day of induction of greening on a particular medium. No data were collected on media on which none of the cultures turned green. The data on all 12 cultures from green clone were collected only once, 5 weeks after inoculation.
Cultures of a batch were pooled together, and their total wet weight was determined. A sample was dried to determine the wet weight to dry weight ratio. For protein determination a known weight of callus was homogenized in 0.1 M phosphate buffer, pH 7.0, with a mortar and pestle. The homogenate was centrifuged at 18,000g for 10 min to remove the debris. Soluble protein was determined in the supernatant solution by the method of Lowry et al. (8) . For chlorophyll extraction a known amount of the callus was homogenized in a 2:1 (v/v) mixture of methanol and petroleum ether with a mortar and pestle. The homogenate was kept in a refrigerator for 24 hr before it was filtered. The ifitrate was evaporated to near dryness on a hot water bath, and the residue was redissolved in a known volume of 80% (v/v) acetone. The absorbance of this solution at 663 and 645 nm was determined using a Beckmann DB spectrophotometer. The amounts of chlorophyll a and chlorophyll b in the solution were calculated using Arnon's (2) equations, derived from MacKinney's (9) data: (Fig. la) . However, 4 weeks after induction of greening, very good callus growth was obtained on media with 2% or more of sucrose in combination with 2, 4, or 6 mg/liter of kinetin (Fig. 2a) . A medium with 4% sucrose and 4 mg/liter of kinetin proved to be the best for the growth of the callus 4 weeks after induction of greening (Fig. 2a) .
On all media, the amount of chlorophyll produced 1 week after induction of greening was dependent on the kinetin concentration. On 0.5 or 1 % sucrose media, the amounts of chlorophyll a and chlorophyll b produced were directly proportional to the kinetin concentration in the medium until the kinetin level became inhibitory at 8 mg/liter (Fig. 1, c and d) . But lower levels of kinetin (4 or 6 mg/liter) also became inhibitory with increasing sucrose concentrations (Fig. 1, c and  d ). On media with 8% sucrose, as little as 2 mg/liter of kinetin allowed production of very small amounts of chlorophyll a and chlorophyll b (Fig. 1, c and d) . Observations made 4 weeks after the induction of greening showed an overcoming of this inhibition. In general, the chlorophyll levels 4 weeks after induction of greening were higher on media containing 2% (Fig. 2, c and d ). The chlorophyll a to chlorophyll b ratio in tissue which became green was between 0.4 and 1.0 as compared to ratios of 2.5 to 3.5 in the green clone.
The soluble protein levels were, in general, higher 4 weeks after greening (Fig. 2b ) than 1 week after the induction of greening (Fig. lb) . The changes in the soluble protein levels corresponded with the changes in the chlorophyll levels (Figs. lb, c, and d; 2b, c, and d). One week after induction of greening the amounts of soluble protein on low sucrose media were higher than those on the high sucrose media (Fig. lb) . But 4 weeks after induction of greening, higher amounts of soluble protein were detected on the media with 2% or more sucrose (Fig. 2b) .
Responses of Green Callus. No attempts were made to grow the green callus on media devoid of sucrose. The green callus could grow without kinetin. Media containing 6 or 8% sucrose and 2 or 4 mg/liter of kinetin proved to be the best for the growth of the green callus (Fig. 3a) . Unlike the callus from the nongreen clone, the green callus showed varying degrees of shoot differentiation on various media (Fig. 3b) . However, changes in the chlorophyll levels were not correlated with the degree of differentiation (Figs. 3b and 4, a and b) .
The amount of chlorophyll produced in the green callus was inversely proportional to the amount of sucrose in the medium (Fig. 4, a and b) . Furthermore, all the concentrations of kinetin proved to be inhibitory for chlorophyll production, regardless of the sucrose concentration used (Fig. 4, a and b) . Thus, the maximal amount of chlorophyll was produced on a medium containing 0.5% sucrose and no kinetin (Fig. 4, a and  b) . The amounts of both chlorophyll a and chlorophyll b decreased steadily with increasing concentrations of kinetin in the medium (Fig. 4, a and b) .
The soluble protein levels in the green callus remained unchanged on most of the media. However, on media with 2% sucrose, the soluble protein levels showed a slight increase with increasing kinetin concentrations (Fig. 3c) .
DISCUSSION
Banerji and Laloraya (3) found that when pumpkin cotyledons were treated with chloramphenicol and kinetin, the chlorophyll a to chlorophyll b ratio changed from 3.5 to 0.45. These authors concluded that synthesis of chlorophyll a and chlorophyll b occurs by different pathways, and kinetin can overcome chloramphenicol inhibition of chlorophyll b synthesis to a greater extent than that of chlorophyll a synthesis. In the present study, during the induction of greening by kinetin, the production of chlorophyll b was favored over that of chlorophyll a. The ratio of chlorophyll a to chlorophyll b was 0.4 to 1.0 as compared to 2.5 to 3.5 in the green callus.
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The observation that kinetin inhibits chlorophyll production in the green callus is contrary to the usually accepted view. The only other report of inhibition of chlorophyll production by kinetin is by Narain and Laloraya (11) . They found that kinetin inhibited chlorophyll synthesis in detached Cucumis cotyledons. These authors suggested that specific cytokinins may be required for stimulating the synthesis of chlorophylls in different tissues, and kinetin might be acting as an analog inhibiting chlorophyll synthesis. The two experimental systems used by us are genetically very similar, but the influence of kinetin on chlorophyll production in these systems was very different. In the nongreen tissue kinetin induced chlorophyll synthesis, whereas in the green tissue chlorophyll synthesis was inhibited by kinetin. It seems unlikely that the cytokinin requirements of the two systems are different. However, the possibility that in the green tissue kinetin inhibits chlorophyll synthesis by acting as a competitive inhibitor against endogenous cytokinins cannot be ruled out at present.
Control of chloroplast maturation by kinetin has been demonstrated by Stetler 
